Abstract-In the last few years, IPTV has emerged as one of the major distribution and access techniques for broadband multimedia services. It is one of the primary growth areas for the telecommunications industry. However, existing IPTV systems are generally based on proprietary implementations that do not provide interoperability. Recently, many international standard bodies have published, or are developing, a series of IPTV related standards.. This paper is an overview of the most significant recent and upcoming IPTV standards.
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C. IPTV and Standards
Interestingly, because IPTV is deployed within private IP networks and it does not consume rare and shared resources (such as radio spectrum), there has been no immediate need to standardize systems and architectures. Indeed, one operator can choose to deploy several IPTV systems on the same network without major ill effects (if you exclude overall cost, the need for a dedicated set top box and distribution network bandwidth occupied by several systems operating in parallel).
This low level of constraint and the lack of a readily available and comprehensive IPTV standard lead to a flurry of proprietary implementations that now constitute the base of all IPTV systems in operation over the world. However, those systems are still based on a number of key standards that had already reached prevalence at design time.
Digital Video is not a new standardization subject, it has been seen as a key development sector for more than 20 years. In that space, some groups and organizations have gained almost universal recognition. The first one is probably MPEG (Motion Picture Expert Group) for its video coding (MPEG-2, MPEG-4) and transmission protocols (MPEG TS).
Because of the unavoidable role of IP, the second one would certainly be IETF (Internet Engineering Task Force) for its delivery and control protocols (RTP/RTCP, RTSP, SDP, SIP, etc.). Many other organizations have worked on IPTV specifications, but none has yet gained the industry-wide recognition and there are no deployed systems based on those standards at this time. Before we start standards review, it is important to obtain a generic picture that will help to outline the differences and common points between the proposed standard architectures.
D. Structure of IPTV Systems
By definition, IPTV is about sending video streams from a source (a streaming device where the content is distributed from) to a terminal. Video traffic can be divided in two categories: broadcast and video on demand. The former generally requires the use of IP multicast to reduce the network bandwidth required to carry the video streams by sharing it between users. The latter generally uses plain Unicast (point to point) delivery, but may be accelerated by interposing Content Delivery Networks.
To get access to video content (either content on demand or broadcast), a terminal needs to be aware of its existence and how to access it: this is the role of the service guide.
The following diagram ( Fig. 1) gives a very high level architecture of an IPTV system.
While the interface to the access network is generally common, there are significant variations on how the other components (e.g. control subsystem, Service Guide, etc.) are structured and behave. In a setting where even subtle variations on protocols or data formats can be a barrier to interoperability, these differences created several families of systems, and corresponding standards have been developed.
II. IPTV STANDARDIZATION ACTIVITIES

A. IPTV Standard Development at DVB Project
Traditionally, Digital Video Broadcasting (DVB) services are delivered over broadcasting networks, i.e. a one-to-many uni-directional architecture. The advent of high-speed bi-directional consumer broadband networks means that there is an increasing demand to offer DVB services over IP (Internet Protocol) networks. The delivery of TV services using bi-directional IP over a broadband network presents a particular set of challenges, especially when integrated with a range of other IP services.
DVB projects' task, in response to calls from the industry, is to help define and develop appropriate standards for the delivery of DVB services over such networks, and to provide a means of integrating them with other broadband services, whilst maintaining maximum interoperability with existing DVB broadcast standards.
DVB was one of the pioneer organizations to start standardization work on the delivery of TV services over IP networks. The DVB TM-IPI (Technical Module-Internet Protocol Infrastructure) working group was set up back in 2000. Eight years later, DVB released the fourth revision of the "Transport of MPEG 2 TS Based DVB Services over IP Based Networks"; specification, also referred to as the DVB-IPTV 1.4 handbook, and soon to be published by ETSI as TS102 034 v1.4.1 [1] . DVB is led by commercial requirements which have evolved over time as services have been introduced and deployed. This has led to continuing updates of DVB-IPTV specifications.
The goal of the DVB-IPTV handbook is to specify technologies on the interface between an IP network and a Home Network End Device (HNED), for example a Set-Top Box, enabling deployment of TV services over IP-based networks and mass production of IPTV receivers by Consumer Electronics manufacturers. The technologies specified, implemented in a DVB-IPTV HNED, should allow a consumer to buy such a receiver in off-the-shelf, connect it to a broadband network, and be able to choose and consume DVB services available over the IP network. The specification covers several types of IPTV services, such as Live Media Broadcast (i.e. TV or radio services), Content on Demand, and content download services.
The following key functionalities are specified by the DVB-IPTV handbook:
• The delivery of DVB MPEG-2 TS based services over bi-directional IP networks for Live Media Broadcast services (i.e. TV or radio services) and Content on Demand (CoD) services. The transport part of the specification covers the encapsulation of MPEG-2 TS services for streaming delivery over IP and the protocols to be used to access such services. Quality of Service is covered, based on Differentiated Services (DiffServ).
• The delivery of Content Download Services (CDSs).
CDSs provide the download of content items to a local storage of the HNED via a broadband IP connection. CDSs can be used to provide IPTV services in areas where a broadband connection suitable for streaming services is not available or prone to errors, for simultaneous delivery of multiple content items to HNEDs or for reduced cost offers as the bandwidth consumption may be limited compared to streaming services. Two types of services are supported: push download services where the distribution decision is taken by the service provider (without explicit request from the user) and pull download services where the download is requested by the user.
• The Service Discovery and Selection (SD&S) mechanism for DVB based A/V services over bi-directional IP networks. The service discovery information, its data format and the protocols to use for carriage of this information are defined. Both push and pull models of delivery are supported. Binarization encoding of SD&S information is specified and can optionally be used if required. Support for advanced codecs, logical channel numbering and signaling regional DVB-IPTV services is provided.
• The use of command and control application-level protocol RTSP to control CoD services and optionally to join multicast services.
• The assignment of an IP Address to a Home Network End Device (HNED) to get onto the network. The specification is based on DHCP and is restricted to the scenarios where an HNED has a single interface onto the home network and there is a single Delivery Network Gateway (DNG) per home network segment.
• The File Upload System Stub (FUSS) which is mandatory and allows the system software of an HNED to be updated on a power-cycle or reboot. The sending of the system software will be handled by the mechanisms in the optional Remote Management and Firmware Update System for DVB-IPTV Services (RMS-FUS) specification, ETSI TS 102 824 [2] .
• Discovery of Broadband Content Guides (including third party). The Broadband Content Guide is a content guide that is delivered over an always-on bi-directional IP network and is provided as a separate specification, ETSI TS 102 539 [3] .
• An optional protocol for Application Layer FEC (AL-FEC) protection of streaming media for DVB-IPTV services carried over RTP transport. This AL-FEC protocol is a layered protocol with a base layer and zero or more optional enhancement layer(s). The base layer is a simple packet-based interleaved parity code based on a subset of SMPTE 2022-1 [4] . The base layer shall be used wherever AL-FEC is used. The enhancement layer is a Raptor code, as defined in ETSI TS 126 346 [5] and ETSI TS 102 472 [6] and may optionally be used to provide further packet loss protection.
• An optional retransmission mechanism (RET) to provide for protection against packet loss of DVB-IPTV services carried over RTP transport. It specifies the mechanism to provide immediate feedback (FB) towards the network using RTCP and how to retransmit the missing packets. Packet loss repair can be achieved using the optional AL-FEC solution, the optional retransmission solution or a combination of both solutions.
The DVB-IPTV handbook specifies technologies on the interface to the HNED and only the minimum necessary for interoperability. The implementation of the HNED is left to the CE (Consumer Electronic) manufacturers. The same applies for the implementation of networking and service provider systems, as long as their implementations meet the requirements on the standardized HNED interface. Fig. 2 defines a reference model of the home network and some key interfaces. The key interface for standardization in the DVB-IPTV handbook is the "IP Infrastructure-1" (IPI-1) interface. The advanced home network functionality is not covered in the current DVB-IPTV handbook and will be defined in a separate specification. Fig. 3 is a logical diagram of the high-level protocols on the IPI-1 interface, specified in the DVB-IPTV 1.4 handbook for enabling DVB services over IP-based networks and the associated delivery and network support services. The organization of this protocol stack is based on the hierarchical structure frequently applied in equipment design, i.e. service offering and applications, middleware and functions, IP protocols and transport, and PHY/MAC/link layers. This follows the ISO/OSI layering convention in general terms.
The top layer of this stack signifies the service offering intended by the Service Provider. This consists of programs, information about programs, multicast-and/or unicast IP addresses; i.e. the essential items needed to enable a DVB service over an IP network.
The IP protocol and transport layer attempts to identify which protocols and transports are required and map the usage of those protocols and transports to the functions of the layers above.
Operators require the flexibility to deploy IPTV services according to their market requirements and business models, taking into account the access network capabilities such as limited bit rate. As an example, they may initially deploy only one type of IPTV service (e.g. only live TV or only Content Download), or they may want to mix a DVB-IPTV compliant IPTV service with a proprietary IPTV service (e.g. a DVB compliant live TV service, and a proprietary Video on Demand portal). The DVB-IPTV handbook does not define subsets and it became evident that a small set of service oriented profiles were required to facilitate and maximize the stepwise deployment of IPTV services. This is essential for lower-cost and differentiated services that do not require full implementation of the DVB-IPTV handbook.
ETSI TS102 826 [7] defines four service oriented profiles:
• A basic profile to accommodate existing IPTV deployments of live TV services. This is the first step to achieve a basic degree of DVB-IPTV compliance.
• Live Media Broadcast profile to build live IPTV services carried over multicast transport and using SD&S for discovery with legacy SI/PSI metadata support.
• Content on Demand profile to build On-Demand IPTV services carried over unicast transport, RTSP connection, and requiring BCG (Broadcast Content Guide) discovery with TV-Anytime metadata support.
• Content Download profile to build services of content available for download either in push or pull modes. The structure used to define a profile is presented in more details in Fig. 4 .
DVB has also defined IPTV profiles for its interactive middleware specifications, DVB-MHP and GEM.
IPTV continues to be a very active and evolving activity in DVB with many stakeholders involved both in the technical and commercial groups. Future releases of the specification will see many new and exciting features including a solution for fast channel change which gives great improvement on zapping time between TV services. Many research works have been done in this area [32] - [35] .
However, the distribution of audiovisual content is evolving quickly and DVB needs to prepare the next steps. Work has now been organized around two tracks. Track 1 covers delivery of DVB services over managed IP networks and Track 2 covers delivery over the Open Internet.
The technical work on DVB-IPTV so far has been part of Track 1 which will continue to evolve and will include in the future more flexible stream composition to enhance IPTV services, more straightforward interfaces to n-Play solutions (e.g. telecommunication, mobile, etc.), and also support for hybrid DVB broadcast and DVB-IPTV services. The recently started Track 2 will cover the distribution of commercial content over the Open Internet. DVB will endeavor to continue collaboration with other standards development organizations through formal liaisons as it is recognized that co-operation is essential to the success of DVB solutions for IPTV in particular in the area of n-Play. TISPAN is open to all ETSI members and associate members. Members usually are European companies, while associate members can come from other countries (typically from Asia or America). A number of non-European companies participate as full members through European subsidiaries. TISPAN membership is mainly composed of telecom vendors and operators.
B. ETSI TISPAN ETSI TISPAN (European Telecommunications Standards
TISPAN and IPTV: In TISPAN, IPTV is not the primary focus of activities. To some extent IPTV can be seen as an application (a Service, among others such as voice services) that is provided over a network and benefits from an existing ecosystem. IPTV is thus reusing the properties of TISPAN NGN, such as QoS, user and service profiles, authentication (with variants), charging, etc.
NGN R1 did not address IPTV, but it was quickly recognized that IPTV became a key application for NGN networks. IPTV had higher bandwidth requirements than most existing applications (such as voice) and potential for rapid mass-market deployment (more than videoconferencing). As a result, a number of participants started to develop requirements for IPTV in late 2005 [8] . Two philosophies were developed on how those requirements should be fulfilled: one was to adapt existing IETF protocols to an NGN environment, the other to reuse the IMS machinery for providing IPTV services. Because of the way those two specifications were developed, they do not share many components and can be described separately.
Dedicated IPTV: This IPTV variant [9] was designed as an adaptation for NGN of the principles used in many existing IPTV systems and mainly DVB-IP (as shown in Fig. 5 ). It is based on proven IETF protocols (HTTP, RTSP, IGMP) used in a straightforward way. Authentication needs to be supported within the dedicated IPTV subsystem, but it otherwise makes use of the NGN elements used to store user profiles (UPSF) and control network characteristics and QoS (NASS and RACS). In addition, it can make use of NGN charging. It supports 3 types of IPTV services with trick play (pause, rewind, forward): Broadcast, Content on demand, and NPVR (network personal video recorder).
The interaction between the User Equipment and the network conforms to the DVB-IP 1.3 specification ( [1] , as outlined in [12] ) and uses HTTP and RTSP to control sessions. IGMP is used to access multicast channels from the terminal. Bandwidth reservation is performed on the RACS through the Gq' interface, just as other TISPAN applications.
IMS-Based IPTV: This IPTV variant [14] was designed to take advantage of the benefits of the 3GPP IMS, originally developed to support IP multimedia communications in mobile networks (as shown in Fig. 6 ). It relies on the use of the core IMS and manages most interactions through the SIP (session initiation protocol [13] ) protocol. As a result, it benefits from the popular IMS features: implicit authentication, roaming across IMS networks, and natural interfacing to NGN components (UPSF, NASS, RACS, charging). It supports 3 types of IPTV services with trick play (pause, rewind, forward): Broadcast, Content on demand, and NPVR (network personal video recorder).
Handling of Content on Demand session is very close to the natural IMS model where session establishment and media control are joined: SIP/SDP interaction yields a bandwidth-allocated session to the Media Delivery Function. Media control (pause, rewind, forward, etc.) is then performed using a direct RTSP connection to the Media Server.
Broadcast sessions are treated differently since they require separation in two conceptual steps, one to reserve bandwidth and another to gain access to multicast channels. To improve performance, channel switching does not go through the IMS core unless session parameters (bandwidth or charging) change. As a result a third step is introduced to inform the IPTV application of which channel a user settles upon.
The startup procedure begins with IMS registration of the user equipment, and is followed by a service discovery procedure. The latter can take two forms: one is to use SIP to get the discovery data, and the other uses HTTP to get to the DVB Service Discovery and selection mechanism. The User Equipment can also get access to DVB BCG or OMA BCAST ESG.
The specification makes ample use of SIP extensions (such as subscribe and notify) to provide additional services. The specification is following the same principles as the ones of the Open IPTV Forum, but differs in a few aspects, making interoperability unlikely without some alignment work.
Perspectives on TISPAN R3: In Release 3, the two families of specifications will support new features described in [9] : IPTV presence, access to third party content, P2P distribution, interface with a Content Distribution Network, Forward Error Correction, NPVR command from another terminal and more features that are added progressively. The R3 dedicated IPTV specification is [11] and the IMS-based IPTV specification is [15] .
Assessment: After a few years of work, ETSI TISPAN comes up with two reasonably complete IPTV specifications: one based on IMS and the other based on DVB-IP 1.3. They innovate in their degree of integration in the telecom network, and borrow very significant elements from other existing specifications (mainly DVB-IP).
There are only a limited number of common components between these two specifications, less than what was achievable when looking at the diagrams of ATIS IIF and ITU-T FG IPTV.
The specifications' level of maturity has prompted other organizations (such as MSF (MultiService Forum)) to reuse the specifications for interoperability testing. There is a near feature parity between the two, and their success will thus be tested in the market, according to their respective merits and performances. The IPTV Security Solutions Committee develops security standards with emphasis on a security requirements framework and an integrated toolkit of security functions that can be utilized for an interoperable solution for enabling IPTV services.
C. ATIS IIF
The Quality of Service Metrics Committee develops standards that define metrics, models, and approaches for measurement and reporting of quality of service (QoS) and quality of experience (QoE) for IPTV services.
The Testing and Interoperability Committee develops the necessary test scripting and test planning for the interoperability of ATIS IIF standards and addresses IPTV interoperability issues, providing recommended courses of action for mitigation of the identified issues.
The Metadata and Transaction Delivery Committee develops standards that define metadata elements, the representation of metadata elements, and the content of application-level transactions where the MTD Committee is the primary developer of metadata standards in support of all ATIS IIF Committees.
Accomplishments: Since its establishment, the ATIS IIF has produced a number of key requirements and framework documents to serve as the foundation for further development of IPTV specifications and standards. The following summarizes key activities and deliverables to date:
• IPTV DRM Interoperability Requirements (ATIS-0800001.v002)-This ATIS standard defines the requirements for the interoperability of systems and components in the IPTV DRM/security environment.
• IPTV Architecture Requirements (ATIS-0800002)-The ATIS IIF delivered the industry's first set of IPTV architecture requirements that define, in broad terms, the scope of IPTV services and the high level requirements that will guide the development of architecture specifications over time. This architecture document focuses on services that may comprise IPTV; the functions necessary for content providers to deliver content to service providers; the functions required by service providers and network providers to offer IPTV; and the home networking functions necessary for the consumer to receive IPTV services.
• IPTV Architecture Roadmap (ATIS-0800003)-The IPTV Architecture Roadmap defines the phases in which IPTV architecture standards will be developed. The document calls for the release of specifications in three phases. The first phase includes specifications for network/service attachment; service discovery; basic navigation through services; and regulatory compliance, including Emergency Alert Services (EAS), Closed Caption and Parental Advisory. A second phase of specifications will address video on-demand (VOD) and pay-per-view (PPV) transactionbased services. Phase three will address interactive TV, multiplayer games, network PVR, and in-home peer-topeer interaction. 
D. ITU-T IPTV Focus Group and GSI
The International Telecommunications Union-Telecommunication Standardization Sector (ITU-T, formerly CCITT) is a Geneva-based United Nations (UN) organization responsible for fostering cooperative standards for telecommunications equipment and systems. The ITU-T mission is to ensure the efficient and timely production of standards (referred to as "Recommendations") covering all fields of telecommunications on a worldwide basis, as well as defining tariff and accounting principles for international telecommunication services. Given that IPTV is becoming an increasingly important service in the market, and that more and more manufacturers and operators are facing challenges from technical as well as regulatory issues, ITU-T has received proposals to strengthen its work on IPTV standardization. There is an urgent need to increase the international effort on various issues, in particular, interoperability and gap analysis of IPTV standards. Since late 2005, ITU-T Study Group Chairmen have studied possible measures to take care of the IPTV study within ITU-T, including coordination with other Standardization Developing Organizations (SDOs). During the TSB director's consultation meeting on IPTV standardization [22] , the consensus had been reached to support the TSB Director to create, according to ITU-T Recommendation A.7 [23] , a focus group, the IPTV Focus Group (FG IPTV). Focus Group is a more efficient way to allow ITU to take the lead in coordinating and developing global standards to enable rapid progress and to avoid market fragmentation.
The mission of FG IPTV was agreed on this TSB director's meeting [22] 
as: "The mission of IPTV FG is to coordinate and promote the development of global IPTV standards taking into account the existing work of the ITU study groups as well as Standards Developing Organizations, Fora and Consortia."
Different from Study Groups (SGs), the FG IPTV opens to ITU member states, sector members and associates, and it also opens to any individual from a country which is a member of ITU who wishes to contribute to the work (this includes individuals who are also members of international, regional and national organizations). This provides ITU-T the way of responding to market needs very quickly and of doing the job in the most efficient, transparent and professional manner.
As a start point, the following goals of FG IPTV were developed:
• Definition of IPTV • Review and gap analysis of existing standards and ongoing works • Coordination of existing standardization activities • Harmonization of the development of new standards • Encourage interoperability with existing systems where possible From July 2006 until December 2007, a total of seven meetings were held. As illustrated in Fig. 7 , the FG IPTV separated its tasks into six areas corresponding to six Working Groups (WGs). Significant progresses have been made in these six areas. Each area has produced enriched documents covering most of the IPTV worldwide development efforts.
The FG IPTV ended in December 2007 and its documents were transferred to the appropriate study groups via Study Group 13. The ongoing work has been carried out under the umbrella of a Global Standards Initiative (IPTV-GSI) via related study groups (SGs). Fig. 7 shows the IPTV-GSI related SGs. The IPTV-GSI focuses on speedy preparation of ITU-T Recommendations (standards) based on the output of the Focus Group as well as the detailed protocols necessary.
Some important achievements towards IPTV standardization are listed below:
Definition of IPTV: The consensus was reached during the first FG IPTV meeting on the IPTV definition [24] : "IPTV is defined as multimedia services such as television/video /audio/ text/graphics/data delivered over IP based networks managed to provide the required level of QoS/QoE, security, interactivity and reliability."
IPTV Domains: Four IPTV domains are identified including content provider, service provider, network provider and end user.
IPTV Architectural Approaches: Three IPTV architecture approaches are identified that enable service providers to deliver IPTV services. These include: Non-NGN IPTV functional architecture (Non-NGN IPTV), NGN-based non-IMS IPTV functional architecture (NGN-Non-IMS IPTV) [26] , [27] , NGN IMS-based IPTV functional architecture (NGN-IMS-IPTV) [28] .
IPTV Functional Architecture: Fig. 8 provides an overview of the IPTV functional architecture. Functions and functional blocks described in this clause are common to all architectural approaches. Various IPTV architectural options and more detailed architectural descriptions can be found in [29] .
Quality of Experience (QoE) Dimensions:
QoE is defined in [30] as the overall acceptability of an application or service, as perceived subjectively by the end-user. Quality of Service (QoS) is defined in [31] as the collective effect of performance which determines the degree of satisfaction of a user of the service. In telecommunications, QoS is usually a measure of performance of the network itself. Fig. 9 shows factors contributing to QoE. In upcoming IPTV-GSI events, regular ITU-T working methods and procedures will apply by means of the work carried out by the experts of the relevant Study Groups where global standards will be developed.
Up to now, a total of five IPTV-GSI events have been held. For example, SG13 (next generation networks) further details the IPTV architectural design issues including requirements, network control, service management, traffic classification, etc. SG16 (multimedia terminals, systems and applications) continuously completes the IPTV terminal device basic models, service discovery and consumption mechanisms, multicast function support, broadcast-centric IPTV terminal middleware, etc. SG12 is working towards the completion of new recommendations on IPTV QoE, performance monitoring, etc. The IPTV GSI events see many new draft recommendations on different aspects (Questions) in various Study Groups.
E. Open IPTV Forum
The Open IPTV Forum is a pan-industry initiative with the objective to specify a common and open end-to-end solution for supplying a variety of IPTV and internet multimedia services to retail based consumer equipment in the home. The Forum, which is open to participation from the communications, entertainment and other relevant industries, will focus on the development of open standards that will help streamline and accelerate deployments of IPTV technologies, and maximize the benefits of IPTV for consumers, network operators, content providers, service providers, consumer electronics manufacturers and home and network infrastructure providers.
The Forum was founded in January 2007 by Ericsson, France Telecom, Nokia Siemens Networks, Panasonic, Philips, Sam- sung, Sony and Telecom Italia. While standardization for IPTV was already going on at that time in several standardization bodies, the founding members noted that a single specification that covers all aspects of end-to-end solutions for IPTV and multimedia services delivered both via Managed Networks and the Open Internet as shown in Fig. 10 was missing. Such a specification will ensure the interoperability between consumer equipment and the service offerings, which will make it possible for the end users to easily access their choice of content and services offered from multiple service providers. The Forum's plan is to extend the specification work with a certification and logo program in order to foster interoperability. In the mean time the Forum membership has increased to over 60 members covering most parts of the IPTV ecosystem.
An important objective of the Forum is to base its specifications on existing technologies and open standards as much as possible. The intention of the Forum is not to create yet another standardization initiative, but to define a complete delivery solution by profiling existing standards and filling the gaps where necessary. The Forum will work closely with existing standardization efforts and address those areas which need enhancements by actively contributing the work of the Forum. Currently the Forum is in the process to setup liaison activities with relevant standardization organizations and fora. The Forum's directions are set by the Steering Group, supported by four ad-hoc groups for working procedures, administration and budget, certification and logo program and standards coordination as shown in Fig. 11 . Five working groups are assigned to drive the Forum's specification, interoperability, testing, and marketing activities. Requirements specified by the Requirements Working Group are the starting point of any specification work. These requirements are defined based on user cases contributed by the Forum's members. Based on the requirements a functional architecture is defined by the Architecture Working Group in order to provide the directions for the technical specifications defined by the Solution Working Group. The Solution Working Group has several Task Forces to cover specific areas of the overall solutions like protocols, codecs, metadata, content protection and application execution environments. Based on the technical specification, the Interoperability & Test Working Group will define test specifications as input for the planned certification & logo program. The objective of the Marketing Working Group is to communicate and promote the Forum's activities and specifications in order to obtain wider recognition and support in the industry and from end-users. The Forum has just published its technical specification work for Release 1. Release 1 focuses on basic IPTV services like scheduled content service, content on demand and personal video recording. In addition the integration with communication services like chatting and messaging and interactive applications are in the focus. For a detailed description of the Release 1 services and functions see [16] . The Release 1 Requirements [17] and Architecture [18] are already finalized and publicly available. The technical specifications are expected to be finalized in mid of 2008. In parallel the work on requirements for Release 2 has already started. It will extend the Open IPTV Forum specifications with enhanced interactive functions, tighter integration with communication services, new advertising features and the support of converged services, which can be accessed on various end devices connected via fixed and mobile access networks. This will allow the end user to consume and control IPTV services not only on the TV, but also on the PC, mobile phone and PDA at home or on the move.
As an unique approach, the Forum covers IPTV and multimedia services available both via a Managed Network and the Open Internet. A common User-Network Interface (UNI) will ensure that the end user has access to a variety of services offered by multiple service providers both over Managed Networks and the Open Internet. This will make the overall service offering more attractive and result in a wider availability of end devices as they will not be dedicated to a specific service offering. It is expected that Open IPTV Forum compliant end devices will become available for the retail market, giving the end user a choice between different devices and different service offerings and as such stimulating the overall IPTV market. In order to achieve the goal of a common UNI, but still be open for different business models, the Forum has defined several functional entities within the consumer domain as shown in Fig. 12 .
The Open IPTV Forum Terminal Function (OITF) provides the basic functionality to access IPTV services via the Open Internet. This includes services discovery, user profile management, metadata processing, content streaming, content and service protection, audio and video decoding, service monitoring and a declarative application environment for server based applications and access to web based services. Service discovery, metadata, content delivery and A/V codecs will be based on the DVB IPTV specifications, while the declarative application environment will be based on CE-HTML as defined by CEA (Consumer Electronics Association). Optionally storage functionality for local PVR (Personal Video Recorder) and content download services and DLNA (Digital Living Network Alliance) Digital Media Player (DMP) and Digital Media Server (DMS) functionality can be included. The latter two allow access to content from other DLNA devices (DMP functionality) and make Open IPTV Forum services available to other DLNA devices (DMS functionality) on the residential network.
For managed network services, the IP Multimedia Subsystem (IMS) Gateway (IG) is introduced. The managed network is based on IMS as defined by 3GPP and ETSI TISPAN. IMS provides authentication, session management, resource and admission control, billing and user management functions. The IG contains the IMS client for authentication and session management, and optionally the Universal Integrated Circuit Card (UICC) for IMS Services Identity Module (ISIM) based authentication. It provides session management for IPTV services like CoD and scheduled content offerings, but also the integration with IMS based communication services like presence, caller ID, chatting and messaging.
In case support for local applications (e.g. advanced interactive applications, home control) is needed, the Application Gateway (AG) has to be used. It allows Java based applications to be installed from the network and run locally in the consumer domain. The AG has the capability to control and intercept the media stream for the purpose of inserting content generated or stored in the AG into that media stream. It can also interact with the IG in order to access and control managed network services.
While the OITF (Open IPTV Terminal Function) uses a specific Content and Service Protection (CSP) solution, it will also be possible to support alternative CSP solutions via the CSP Gateway (CP). The CP terminates the alternative CSP scheme and uses DLNA link protection for secure communication between itself and the OITF and AG.
The Wide Area Network (WAN) gateway (WG) represents the residential gateway including network attachment and remote management functionality.
The functional gateway entities can be implemented in different physical devices. The OITF, AG and IG can be for example part of an IPTV set-top box. Networked TVs with integrated IPTV set-top box functionality may implement the OITF function only. In this case IG, AG and CP have to be provided by additional devices (e.g. a residential gateway that already supports IMS/SIP functions for Voice over IP) as needed.
With its objective to define an interoperable end-to-end solution both for Managed Networks and the Open Internet, the integration of communication services and the support of web based applications and services, the Open IPTV Forum provides a unique approach to foster and widen the IPTV market. Having its work based on already existing specifications and ongoing work in other standardization bodies and fora will reduce the time to market and helps to increase the acceptance of the Forum's work.
III. CONCLUSIONS
We have just reviewed the five major IPTV standard organizations and the corresponding specifications that were completed in 2008 (some of which are still being extended in 2009). It should be noted that in the meantime, another organization-The Object Mobile Alliance (OMA)-has stepped forward to start a new work item on IPTV as a follow up to its work on Mobile TV (OMA BCAST). There are not only significant overlaps among existing specifications, developments also seem to evolve towards more divergence within IPTV systems.
As before, the upcoming specifications share a lot of common elements, but fall short of providing interoperability between themselves because they differ in many details. There is thus a strong risk to see new standard-based technology islands emerge alongside the existing proprietary islands. Because of the large number of alternatives, there is a fair chance that one or several of those islands will eventually wither and die.
However, there will still be issues of interoperability between IPTV systems, and possibly with mobile TV systems. The pursuit of a single IPTV standard may have failed, but there may still be room to achieve convergence standards that will bring together those technology islands for the purpose of bridging their functionality. This is work that the ETSI MCD TC initiative has started to explore.
With so many available standards, vendors and operators will need to make hard choices, and interoperability may not be possible before another generation of standards is born, or one wins over all the others. Both ways are open, and they may take less time than the previous round of exploratory standards. It might be a long and tortuous path.
The published standards dealt with basic IPTV scenarios, but the current standard work comes closer to state-of-the-art developments. In the past years, a significant amount of research has been done on IPTV related issues, such as channel zapping, QoS/QoE, admission control, and network interconnectivity [32] - [38] . Many articles in this Special Issue focus on more advanced issues that researchers are exploring for the next generation of IPTV systems and services.
